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(54) MAGNETIC MEMORY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a new magnetic 
memory device having large signal voltage and large S/N 
and contributing to capacity enlargement. 
SOLUTION: This device is provided with a first 
magnetizing fixed film, a first tunnel insulation film 
arranged closely to the first magnetizing fixed film, a first 
tunnel junction 1 1 a— 1 provided with a first ferromagnetic 
layer which is arranged opposing to the magnetizing fixed 
film through the first tunnel insulation film and in which a 
direction of magnetization is varied by an external 
magnetic field, a second tunnel junction 1 1a-2 provided 
with a second magnetizing layer in which a direction of 
magnetization is varied by an external magnetic field by 
coupling with the first ferromagnetic layer in an anti- 
ferromagnetic state, a second tunnel insulation film, and 
a second magnetizing fixed film which is arranged 
opposing to the second ferromagnetic layer through the 
second tunnel insulation film, always, either of the first 
tunnel junction and the second tunnel junction keeps low 

resistance and the other junction keeps high resistance. A read-out current is made to flow 
separately to the first tunnel junction and the second tunnel junction, and the current difference 
or difference of load voltage can be differential-detected by a sense amplifier 1 7. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st ferromagnetism magnetization fixing film with which the magnetization direction was 
fixed, and the 1 st tunnel insulator layer by which contiguity arrangement was carried out with said 1 st 
ferromagnetism magnetization fixing film, Opposite arrangement is carried out with said 1st 
ferromagnetism magnetization fixing film through said 1st tunnel insulator layer. Antiferromagnetism 
association is carried out with the 1st magnetic layer which changes the sense of magnetization by the 
external magnetic field, and said 1st a little more than magnetic layer. The magnetic storage film 
equipped with the nonmagnetic conductive layer which it is arranged [ conductive layer ] between the 
2nd magnetic layer which changes the sense of magnetization by said external magnetic field, said 1st 
[ the ], and the 2nd a little more than magnetic layer, and carries out antiferromagnetism association of 
said 1st and 2nd magnetic layers, The tunnel junction component which equips said magnetic storage 
film with the 2nd ferromagnetism magnetization fixing film by which opposite arrangement was carried 
out at said 2nd magnetic layer through the 2nd tunnel insulator layer by which contiguity arrangement 
was carried out, and said 2nd tunnel insulator layer, The magnetic memory apparatus characterized by 
having the 1st wiring which carries out electrical connection to said magnetic storage film, the 2nd 
wiring which carries out electrical connection to said 1st ferromagnetism magnetization fixing film, and 
the 3rd wiring which carries out electrical connection to said 2nd ferromagnetism magnetization fixing 
film. 

[Claim 2] The magnetic memory apparatus according to claim 1 characterized by detecting the current 
difference or load electrical-potential-difference difference of the 1st tunnel current which flows 
between said magnetic storage film and said 1 st ferromagnetism magnetization fixing film, and the 2nd 
tunnel current which flows between said magnetic storage film and said 2nd ferromagnetism 
magnetization fixing film by the differential method. 

[Claim 3] The 1st ferromagnetism magnetization fixing film with which the magnetization direction was 
fixed, and the 1st tunnel insulator layer by which contiguity arrangement was carried out with said 1st 
magnetic film, Opposite arrangement is carried out with said 1st ferromagnetism magnetization fixing 
film through said 1st tunnel insulator layer. Antiferromagnetism association is carried out with the 1st 
magnetic layer which changes the sense of magnetization by the external magnetic field, and said 1st 
magnetic layer. The magnetic storage film equipped with the 2nd magnetic layer which changes the 
sense of magnetization by said external magnetic field, and the nonmagnetic conductive layer which it is 
arranged [ conductive layer ] between said 1st and 2nd magnetic layers, and carries out 
antiferromagnetism association of said 1st and 2nd magnetic layers, The tunnel junction component 
which equips said magnetic storage film with the 2nd ferromagnetism magnetization fixing film by 
which opposite arrangement was carried out at said 2nd magnetic layer through the 2nd tunnel insulator 
layer by which contiguity arrangement was carried out, and said 2nd tunnel insulator layer is provided. 
The magnetic memory apparatus characterized by detecting the current difference or load electrical- 
potential-difference difference of the 1st tunnel current which flows between said magnetic storage film 
and said 1st ferromagnetism magnetization fixing film, and the 2nd tunnel current which flows between 
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said magnetic storage film and said 2nd ferromagnetism magnetization fixing film by the differential 
method. 

[Claim 4] The magnetic memory apparatus according to claim 3 characterized by having the 1st wiring 
which carries out electrical connection to said magnetic storage film, the 2nd wiring which carries out 
electrical connection to said 1st ferromagnetism magnetization fixing film, and the 3rd wiring which 
carries out electrical connection to said 2nd ferromagnetism magnetization fixing film. 
[Claim 5] Said 1st ferromagnetism magnetization fixing film, said 1st tunnel junction film, said 1st 
magnetic layer, said nonmagnetic conductive layer, said 2nd magnetic layer, said 2nd tunnel junction 
film, and said 2nd ferromagnetism magnetization fixing film are a magnetic memory apparatus given in 
either claim 1 characterized by carrying out laminating formation, and claim 3. 

[Claim 6] Said magnetic storage film is a magnetic memory apparatus given in either of claims 1 and 4 
characterized by connecting with one side of the source "drain electrode of a transistor through said 1st 
wiring. 

[Claim 7] Said 2nd and 3rd wiring is magnetic memory apparatus given in either of claims 1 and 4 
characterized by connecting with a sense amplifier. 

[Claim 8] the memory cell which consists of said tunnel junction component and said transistor « a line 
writing direction and the direction of a train - the shape of an array --****-- the magnetic memory 
apparatus according to claim 6 characterized by things. 

[Claim 9] The magnetic memory apparatus according to claim 8 characterized by having two or more 
[ of said 2nd and 3rd wiring extended to said 1st wiring extended in said direction of a train, and said 
line writing direction ]. 

[Claim 10] The gate electrode of two or more of said eel transistors located in a line in said direction of 
a train is a magnetic memory apparatus according to claim 9 characterized by making common 
connection at wiring of one. 

[Claim 1 1] It is the magnetic memory apparatus according to claim 9 which common connection of the 
1st ferromagnetic magnetization fixing film of two or more of said tunnel junction components on a par 
with said line writing direction is made at said 2nd wiring, and is characterized by making common 
connection of the 2nd ferromagnetic magnetization fixing film at said 3rd wiring. 
[Claim 12] Said 2nd and 3rd wiring is magnetic memory apparatus according to claim 5 characterized 
by having-two wiring for magnetic writing which said whose tunnel junction component is pinched 
from the upper and lower sides, and crosses mutually. 

[Claim 13] It is the magnetic memory apparatus according to claim 7 characterized by having a switch 
between any 1 and the sense amplifiers of said 2nd and 3rd wiring, and equipping wiring connected with 
said switch with wiring for magnetic writing which intersects another wiring. 

[Claim 14] A magnetic memory apparatus given in either of claims 1 and 4 characterized by having the 
electrode layer which is formed on the same layer as the film which is separated from a substrate 
principal plane among said 1st ferromagnetism magnetization fixing film and said 2nd ferromagnetism 
magnetization fixing film, and was formed, and connects said magnetic storage film with said 1st wiring 
electrically. 

[Claim 15] Said magnetic storage film is a magnetic memory apparatus given in either claim 1 
characterized by connecting with diode through said 1st wiring, and 4 publications. 
[Claim 16] the metal with which said nonmagnetic conductive layer is chosen from Cu, Ru, Cr, Re, and 
Ir, or Cu, Ru, Cr, Re and Ir ~ more than 50atom% — a magnetic memory apparatus given in either of 
claims 1 and 3 characterized by consisting of an included alloy. 

[Claim 17] Claim 1 characterized by the thickness of said 1st and 2nd ferromagnetic layers differing 
mutually, and a magnetic memory apparatus according to claim 3. 

[Claim 18] Said 1st and 2nd ferromagnetic layers are claim 1 characterized by consisting of a magnetic 
material with which the magnetic moments differ mutually, and a magnetic memory apparatus according 
to claim 3. 

[Claim 19] The 1st ferromagnetism magnetization fixing film with which the magnetization direction 
was fixed, the 1st tunnel insulator layer by which contiguity arrangement was carried out with said 1st 
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ferromagnetism magnetization fixing film, And it has the 1st magnetic film which opposite arrangement 
is carried out with said 1st ferromagnetism magnetization fixing film through said 1st tunnel insulator 
layer, and changes the sense of magnetization by the external magnetic field. The sense of electric 
resistance of magnetization of said 1st magnetic film is low in the sense and abbreviation parallel 
condition of said fixed magnetization. The sense of magnetization of said 1st ferromagnetic in the state 
of sense substantially antiparallel [ of said fixed magnetization ] The 1st tunnel junction section with 
high electric resistance, The 2nd ferromagnetism magnetization fixing film with which the 
magnetization direction was fixed, the 2nd tunnel insulator layer by which contiguity arrangement was 
carried out with said 2nd ferromagnetism magnetization fixing film, And opposite arrangement is 
carried out with said 2nd ferromagnetism magnetization fixing **** through said 2nd tunnel insulator 
layer. Have the 2nd magnetic film which changes the sense of magnetization by the external magnetic 
field, and the sense of electric resistance of magnetization of said 2nd magnetic film is low in the sense 
and abbreviation parallel condition of said fixed magnetization. The sense of magnetization of said 2nd 
magnetic film in the state of sense substantially antiparallel [ of said fixed magnetization ] The 2nd 
tunnel junction section with high electric resistance, The nonmagnetic electric conduction film which 
connects electrically said the 1st and said 2nd magnetic film, and the eel switch which carries out 
electrical connection to said nonmagnetic electric conduction film, The magnetic memory apparatus 
characterized by having the 2nd wiring which carries out electrical connection to said 1st 
ferromagnetism magnetization fixing film, and the 3rd wiring which carries out electrical connection to 
said 2nd ferromagnetism magnetization fixing film. 

[Claim 20] Said 1st and 2nd tunnel junction section and the magnetic memory apparatus according to 
claim 19 characterized by having the memory cell which consists of said eel switches in the shape of an 
array in a line writing direction and the direction of a train. 

[Claim 21] Said 1st tunnel junction section and said 2nd tunnel junction section are a magnetic memory 
apparatus according to claim 19 characterized by for the resistance which is always one side being high 
resistance, and resistance of another side being low resistance. 

[Claim 22] It is the magnetic memory apparatus according to claim 19 which laminating formation of 
said 1st tunnel junction and said 2nd tunnel junction is carried out so that said nonmagnetic electric 
conduction film may be arranged between said 1st and 2nd magnetic films, and is characterized by said 
nonmagnetic electric conduction film carrying out antiferromagnetism association of said 1st and 2nd 
magnetic films. 



[Translation done.] 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is concerned with the information storage device which used the 
magnetic film, and relates to the magnetic memory apparatus using especially a ferromagnetic tunnel 
junction. 
[0002] 

[Description of the Prior Art] On the other hand, in the cascade screen with two magnetic layers by 
which laminating arrangement was carried out on both sides of the non-magnetic layer, it was 
discovered in recent years that a kind of a magneto-resistive effect (MagnetoResistance) and the so- 
called huge magnetic-reluctance (GiantMR) effectiveness are acquired. This carries out the laminating 
of a magnetic layer and the non-magnetic layer by turns with the period of several nm, and it is reported 
that the magnetic moment of the magnetic layer which faces through a non-magnetic layer is realizable 
with the cascade screen magnetically combined in the anti-parallel condition and the so-called artificial 
grid film. For example, artificial grid film of Fe/Cr (Phys.Rev.Lett.61, 2472 (1988) reference) It is the 
artificial grid film (J. Magn.Magn.Mater .. 94, LI (1991), Phys.Rev.Lett.66, 2152 (1991) reference) of 
Co/Cu etc. 

[0003] Moreover, it sets on the metal sandwiches film which consists of the ferromagnetic layer / a non- 
magnetic layer / a ferromagnetic layer which carried out the laminating of the ferromagnetic layer 
through the non-magnetic metal layer. By thickening thickness of a non-magnetic metal layer at extent 
whose switched connection between ferromagnetic layers is lost, and arranging and carrying out 
switched connection of the antiferromagnetism film, such as FeMn, in contact with one ferromagnetic 
layer The magnetic moment of the ferromagnetic layer is fixed and the so-called spin bulb film which 
enabled it to switch only magnetization (spin) of the ferromagnetic layer of another side easily in an 
external magnetic field is known (refer to [ 5,206,590th ] United States patent). In this case, since the 
switched connection between two ferromagnetic layers is weak and spin can be reversed in a small 
magnetic field, compared with the artificial grid film, a magneto-resistive effect component with high 
sensibility can be offered, and current utilization is carried out as the reproducing head for high density 
magnetic recording. 

[0004] Although the above is a magneto-resistive effect at the time of passing the current within a field 
in parallel with the film surface of a cascade screen, if the so-called perpendicular magneto-resistive 
effect which passes a current perpendicularly is used for a film surface, it is known that a still bigger 
magneto-resistive effect will be acquired (Phys.Rev.Lett.66, 3060 (1991) reference). 
[0005] Furthermore, in three layer membranes which consist of a magnetic layer / an insulating layer / a 
magnetic layer, the huge magnetic-reluctance (TMR) effectiveness by the ferromagnetic tunnel junction 
using the magnitude of the tunnel current of a film surface perpendicular direction being mutually 
different is also known by making the spin of two ferromagnetic layers parallel or anti -parallel mutually 
by the external magnetic field (J. Magn.Magn.Mater. 139 and L231 (1995)). 

[0006] Moreover, the ferromagnetic duplex tunnel junction component which consists of three magnetic 
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layers of a magnetic layer / insulating layer / magnetic layer / insulating layer / magnetic layer and two 
insulating layers equipped with two insulating layers is also exhibited (JP,8-69581,A). Furthermore, the 
ferromagnetic duplex tunnel junction component which made the ferromagnetic of the center across 
which the insulating layer of both sides faced the shape of a particle is indicated by JP, 10-3083 13, A. 
These ferromagnetic duplex tunnel junction components have the features that the fall of the TMR 
effectiveness by bias voltage is small. 

[0007] On the other hand, using for a non-volatile MAG memory apparatus (MRAM: Magnetoresistive 
random access memory) is also studied recently instead of using a giant magneto-resistance component 
for field sensors, such as the magnetic head, (85 J. Appl.Phys. 85, 5822 (1999), J.Appl.Phys. 5828 . 
(1999)). In this case, the pseudo-spin bulb component and the ferromagnetic tunnel effect component 
whose non-magnetic metal layer was pinched in two ferromagnetic layers from which coercive force 
differs are examined. When using for MRAM, "1" and "0" are made to memorize by controlling 
mutually magnetization of two magnetic layers which arrange these components in the shape of a matrix 
so that it may spread in a line writing direction and the direction of a train, pass a current to wiring 
which prepared independently, impress a field, and constitute each component to parallel and anti- 
parallel. Read-out is performed using GMR or the TMR effectiveness. 

[0008] Since the pseudo-spin bulb component using the GMR effectiveness can pass a current for a 
component, connects two or more components with series and tends to large-capacity-ize them, it is 
suitable for MRAM. However, since it is necessary to reverse the spin of the small magnetic layer of 
coercive force also in case it records, and it reads, that it is necessary to reverse the spin of the large 
magnetic layer of coercive force and, and, it is necessary to pass a comparatively big current also in any 
of writing and read-out of information, and is not a low-power mold. Moreover, since resistance is 
small, output voltage is small, therefore it is difficult to read at high speed. 
[0009] There are the features, like on the other hand, there are not bigger output voltage's being 
obtained, since MRAM using the TMR effectiveness component has MR rate of change as large as 20% 
or more in a room temperature and resistance is strong, and the need of carrying out spin reversal at the 
time of read-out, and read so much, and a current is small and ends, and it is expected as nonvolatile 
memory of the possible low-power mold of high-speed writing and read-out. However, the TMR 
effectiveness will be reduced by half if the bias voltage whose TMR component TMR falls greatly with 
bias voltage and is usually 300 - 400 mV extent is impressed. Although the method which passes a fixed 
read-out current and obtains a signal level was taken since MRAM was a current drive mold, it was the 
problem for high-speed read-out that a fall it is not avoided for a sense current that the bias of 300 - 400 
mV extent will be at least lOmicro impressed if the magnitude of the bond resistance of a tunnel 
magneto-resistive effect component is considered, since it is [ about A ] required, but according to the 
bias voltage of the TMR effectiveness was big. this invention persons are doing header patent 
application of the effectiveness of using the multiplex tunnel junction more than a duplex which was 
already described to this problem. However, even if it uses a multiplex tunnel junction, it cannot be said 
that the conventional MRAM architecture is still enough as output voltage. 

[0010] The conventional MRAM architecture carries out parallel connection of the bit line 2 to the 
ferromagnetic tunnel junction (hereafter referred to as MTJ) components la and lb through the 
transistors 4a and 4b for component selection by which ON/OFF control is carried out with word lines 
3a and 3b, as shown in the circuit diagram of drawing 8 . Series connection of each MTJ components la 
and lb and the transistors 4a and 4b for component selection is carried out. The bit line with which the 
transistor for selection of a bit line 2 and 6 are connected to a sense amplifier, and 7 is connected to a 
reference eel for five in drawin g 8 , and 8 are plate lines connected to the other end of the edge 
connected with the transistors 4a and 4b of the TMR components la and lb. 

[001 1] In this circuit, since it is necessary to pass a current to the transistors 4a and 4b which connected 
with the MTJ components la and lb at the time of read-out, if variation is in transistor characteristics, 
the noise resulting from it cannot be disregarded. For example, although read-out is usually performed in 
drawing 8 by judging "1" and "0" as compared with the electrical potential difference of the reference 
eel connected to a bit line 7 By Vs(ing) and beginning to read a read-out signal level, for a current, if 
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resistance of MR and a transistor is written to be r and the variation is written to be beta for the 
resistance rate of change of R and its TMR, resistance of Is and the MTJ components la and lb Vs 
=TMRxRxIs/2-betarls (1) 
It becomes. 

[0012] That is, only the one half of the resistance change accompanying the TMR effectiveness will be 
able to be used, but moreover the variation in transistor characteristics will become a noise, and a signal 
level will reduce a signal level. For this reason, the signal-to-noise-ratio S/N ratio of such MRAM is as 
small as about 30dB. This is the result of the architecture which uses a reference eel bringing. For 
example, using the usual value beta= 0.2 over Transistors la and lb when r=lkohm, Is=10microA, 
R=40kohm, and TMR=25%, they are Vs=48mV and betarls=2mV. Therefore, a S/N ratio is set to 201og 
(48/2) =27.6dB. 

[0013] In order to aim at the improvement of such a S/N ratio, two transistors and two MTJ components 
are used as 1 bit, and it writes in two MTJ components so that magnetization may always become anti- 
parallel mutually, and the architecture of reading by the differential detecting method is proposed (the 
international congress announcement on ISSCC, February, 2000). 

[0014] On the other hand, if a transistor is used for component selection, since the size of a transistor is 
larger than a MTJ component, bit size will become large, and large capacity-ization of MRAM has the 
fault of being prescribed by the transistor. In order to cancel this, diode is used instead of a transistor, 
and the structure which carried out series connection of the MTJ component to this is proposed. (Proc.of 
Int'l.Non.Volatile Memory Technology Conf.P47 (1998), IEEE Trans.Mag.35, and 2832 (1999)) . 
[0015] 

[Problem(s) to be Solved by the Invention] Writing in two MTJ components so that magnetization may 
always become anti-parallel mutually using two above-mentioned transistors and two MTJ components 
as 1 bit, by the method read by the differential detecting method, the reference eel for carrying out 
differential detection becomes unnecessary, and a signal level serves as Vs =TMRxRxIs and becomes 
twice [ more than ] (1) type large. However, it is thought that the cell size of 1 bit is large since 1 bit is 
constituted from two elements, and it is difficult to realize large capacity MRAM. 
[0016] Moreover, diode is used instead of a transistor, with the structure which carried out series 
connection of the MTJ component to this, a reference eel is needed like **** and read-out of 
information has the problem which a S/N ratio says is bad. 

[0017] In view of such a situation, the technical problem of this invention has a big signal level and big 
S/N, and is in offer of the magnetic new memory apparatus which contributes to large capacity-ization. 
[0018] 

[Means for Solving the Problem] The 1st ferromagnetism magnetization fixing film with which, as for 
the first invention, the magnetization direction was fixed in view of the above-mentioned technical 
problem, The 1st magnetic layer which opposite arrangement is carried out with the 1st ferromagnetism 
magnetization fixing film through the 1st tunnel insulator layer by which contiguity arrangement was 
carried out with the 1st ferromagnetism magnetization fixing film, and the 1st tunnel insulator layer, and 
changes the sense of magnetization by the external magnetic field, The magnetic storage film equipped 
with the nonmagnetic conductive layer to which it is arranged between the 2nd magnetic layer which 
carries out antiferromagnetism association with the 1st a little more than magnetic layer, and changes the 
sense of magnetization by the external magnetic field, the 1st, and the 2nd a little more than magnetic 
layer, and antiferromagnetism magnetic coupling of the 1st and 2nd magnetic layers is carried out, The 
tunnel junction component which equips the magnetic storage film with the 2nd ferromagnetism 
magnetization fixing film by which opposite arrangement was carried out at the 2nd magnetic layer 
through the 2nd tunnel insulator layer by which contiguity arrangement was carried out, and the 2nd 
tunnel insulator layer, The magnetic memory apparatus characterized by having the 1st wiring which 
carries out electrical connection to the magnetic storage film, the 2nd wiring which carries out electrical 
connection to the 1st ferromagnetism magnetization fixing film, and the 3rd wiring which carries out 
electrical connection to the 2nd ferromagnetism magnetization fixing film is offered. 
[0019] The 1st ferromagnetism magnetization fixing film with which, as for the second invention, the 
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magnetization direction was fixed in view of the above-mentioned technical problem. Opposite 
arrangement is carried out with the 1st ferromagnetism magnetization fixing film through the 1st tunnel 
insulator layer by which contiguity arrangement was carried out with the 1st magnetic film, and the 1st 
tunnel insulator layer. The 1st magnetic layer which changes the sense of magnetization by the external 
magnetic field, the 2nd magnetic layer which carries out antiferromagnetism association with the 1st 
magnetic layer, and changes the sense of magnetization by said external magnetic field, And the 
magnetic storage film equipped with the nonmagnetic conductive layer which it is arranged [ conductive 
layer ] between the 1st and 2nd magnetic layers, and carries out antiferromagnetism association of the 
1st and 2nd magnetic layers, The 2nd tunnel insulator layer by which contiguity arrangement was 
carried out at the magnetic storage film, and the 2nd ferromagnetism magnetization fixing film by which 
opposite arrangement was carried out through the 2nd tunnel insulator layer at the 2nd magnetic layer, 
The magnetic memory apparatus characterized by detecting the current value or load electrical potential 
difference of the 1st tunnel current which flows from the magnetic storage film to the 1st 
ferromagnetism magnetization fixing film, and the 2nd tunnel current which flows from the magnetic 
storage film to the 2nd ferromagnetism magnetization fixing film by the differential method is offered. 
[0020] Moreover, the 1st ferromagnetism magnetization fixing film with which, as for the third 
invention, the magnetization direction was fixed in view of the above-mentioned technical problem, It 
has the 1st tunnel insulator layer by which contiguity arrangement was carried out with the 1st 
ferromagnetism magnetization fixing film, and the 1st magnetic film which the 1st ferromagnetism 
magnetization fixing film opposite arrangement is carried out through the 1st tunnel insulator layer, and 
changes the sense of magnetization by the external magnetic field. Electric resistance is low in the sense 
of fixed magnetization of the sense of magnetization of the 1st magnetic film, and the abbreviation 
parallel condition. The sense of magnetization of the 1st magnetic film in the state of sense substantially 
antiparallel [ of fixed magnetization ] The 1st tunnel junction section with high electric resistance, The 
2nd tunnel insulator layer by which contiguity arrangement was carried out with the 2nd ferromagnetism 
magnetization fixing film and the 2nd ferromagnetism magnetization fixing film with which the 
magnetization direction was fixed, And opposite arrangement is carried out with the 2nd ferromagnetism 
magnetization fixing **** through said 2nd tunnel insulator layer. Have the 2nd magnetic film which 
changes the sense of magnetization by the external magnetic field, and electric resistance is low in the 
sense of fixed magnetization of the sense of magnetization of the 2nd magnetic film, and the 
abbreviation parallel condition. The sense of magnetization of the 2nd magnetic film in the state of sense 
substantially antiparallel [ of fixed magnetization ] The 2nd tunnel junction section with high electric 
resistance, The magnetic memory apparatus characterized by having the nonmagnetic electric 
conduction film which connects electrically the 1st and said 2nd magnetic film, the eel switch which 
carries out electrical connection to the nonmagnetic electric conduction film, the 2nd wiring which 
carries out electrical connection to the 1st ferromagnetism magnetization fixing film, and the 3rd wiring 
which carries out electrical connection to the 2nd ferromagnetism magnetization fixing film is offered. 
[0021] In the magnetic memory apparatus of the first invention, it is desirable to have a means by which 
a differential method detects the current difference or load electrical-potential-difference difference of 
the 1 st tunnel current which flows from the magnetic storage film to the 1 st ferromagnetism 
magnetization fixing film, and the 2nd tunnel current which flows from the magnetic storage film to the 
2nd ferromagnetism magnetization fixing film. 

[0022] In the magnetic memory apparatus of the second invention, it is desirable to have the 1 st wiring 
which carries out electrical connection to the magnetic storage film, the 2nd wiring which carries out 
electrical connection to the 1st ferromagnetism magnetization fixing film, and the 3rd wiring which 
carries out electrical connection to the 2nd ferromagnetism magnetization fixing film. 
[0023] As for the magnetic memory apparatus of the second invention of the first ****, it is desirable to 
have the following gestalt. 

1) The 1st ferromagnetism magnetization fixing film, the 1st tunnel junction film, the 1st magnetic 
layer, a nonmagnetic conductive layer, the 2nd magnetic layer Laminating formation of the 2nd tunnel 
junction film and the 2nd ferromagnetism magnetization fixing film is carried out. 
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2) Connect the magnetic storage film to one side of the source drain electrode of a eel transistor through 
the 1st wiring. It is carried out. 

3) The 2nd and 3rd wiring is connected to the same sense amplifier by each end. 

4) It is ARE to a line writing direction and the direction of a train about the memory cell which consists 
of a tunnel junction component and a eel transistor. It is **** to the shape of I. 

5) It has the 2nd and 3rd-two or more wiring extended to the 1 st wiring extended in the direction of a 
train, and a line writing direction. 

6) The gate electrode of two or more eel transistors located in a line in the direction of a train in the 
shape of an array is common connection to wiring of one. It is carried out. 

7) Common connection of two or more tunnel junction components on a par with a line writing direction 
in the shape of an array is made at the 2nd and 3rd wiring. ******. 

8) Pinch the tunnel junction component of wiring [ 2nd and 3rd ] from the upper and lower sides, and it 
intersects the 2nd and 3rd wiring. It has-two wiring for magnetic writing. 

9) It has a switch between either of the 2nd and 3rd wiring, and a sense amplifier, and is the 2nd and the 
3rd. It has-one wiring for magnetic writing which intersects wiring. 

10) Separate from a substrate principal plane most among the 1st ferromagnetism magnetization fixing 
film and the 2nd ferromagnetism magnetization fixing film, and it is a form. It is formed on the same 
layer as the accomplished ferromagnetic magnetization fixing film, and is about the 1st wiring and the 
magnetic storage film. It has the electrode layer to connect. 

1 1) The magnetic storage film is connected to diode through the 1st wiring. 

12) the metal with which a nonmagnetic conductive layer is chosen from Cu, Ru, Cr, Re, and Ir, or Cu 
Ru, Cr, Re, and Ir - more than 50atom% - it consists of an included alloy. 

13) The thickness of the 1st and 2nd magnetic layers differs mutually. 

14) The 1st and 2nd magnetic layers consist of a magnetic material with which the magnetic moments 
differ mutually. 

[0024] In the magnetic memory apparatus of the third invention, it has the 1st and 2nd tunnel junction 
section and the memory cell which consists of eel switches in the shape of an array. Moreover, the 
mutual magnetization of the 1st and 2nd tunnel junction section is always parallel to anti-parallel 
(mutual resistance always becomes the combination of high resistance and low resistance). Moreover, 
laminating formation of the 1st tunnel junction and the 2nd tunnel junction is carried out so that the 
nonmagnetic electric conduction film may be arranged between the 1st and 2nd magnetic films. 
Moreover, a eel switch can consist of a transistor or diode. Moreover, 15 Laminating formation of the 
1st ferromagnetism magnetization fixing film, the 1st tunnel junction film, the 1st magnetic layer, a 
nonmagnetic conductive layer, the 2nd magnetic layer, the 2nd tunnel junction film, and the 2nd 
ferromagnetism magnetization fixing film is carried out. 

16) The 2nd and 3rd wiring is connected to the same sense amplifier by each end. 

17) It is **** to the shape of an array in a line writing direction and the direction of a train about the 
memory cell which consists of a tunnel junction component and a eel switch. 

18) It has the 2nd and 3rd-two or more wiring extended to the 1st wiring extended in the direction of a 
train, and a line writing direction. 

19) Common connection of the gate electrode of two or more eel transistors located in a line in the 
direction of a train in the shape of an array is made at wiring of one. 

20) Common connection of two or more tunnel junction components on a par with a line writing 
direction in the shape of an array is made at the 2nd and 3rd wiring. 

21) The tunnel junction component of wiring [ 2nd and 3rd ] is pinched from the upper and lower sides, 
and it is equipped with-two wiring for magnetic writing which intersects the 2nd and 3rd wiring. 

22) It has a switch between either of the 2nd and 3rd wiring, and a sense amplifier, and has-one wiring 
for magnetic writing which intersects the 2nd and 3rd wiring. 

23) It is formed on the same layer as the ferromagnetic magnetization fixing film which is most 
separated from a substrate principal plane among the 1st ferromagnetism magnetization fixing film and 
the 2nd ferromagnetism magnetization fixing film, and was formed, and has the electrode layer which 
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connects the magnetic storage film with the 1st wiring electrically. 

24) the metal with which a nonmagnetic conductive layer is chosen from Cu 3 Ru, Cr, Re, and Ir, or Cu, 

Ru, Cr, Re and Ir - more than 50atom% — it consists of an included alloy. 

[0025] 

[Embodiment of the Invention] (Gestalt of the 1st operation) The 1st operation gestalt about the circuitry 
of the magnetic memory apparatus of this invention is hereafter explained using the circuit diagram of 
drawing 1 . 

[0026] The magnetic memory apparatus of this invention equips each of two or more memory cells to 
constitute with two or more tunnel junctions. Although the 1st operation gestalt explains using the 
double tunnel junction component 1 1 equipped with two tunnel junctions, the gestalt which extended 
this to the multiplex tunnel junction is also included in this invention. 

[0027] The configuration of the double tunnel junction components 11a and 1 lb shown in drawing 1 is 
explained using the component of 1 la. Component 1 la is equipped with tunnel junction 1 la-1 which 
consists of the 1st ferromagnetic magnetization fixing film / the 1st tunnel insulator layer / magnetic 
layer, and tunnel junction 1 la-2 which consist of the 2nd ferromagnetic layer / the 2nd tunnel insulator 
layer / the 2nd ferromagnetic magnetization fixing film. [ 1st ] If the laminating of these is carried out 
one by one, it will become the order of a laminating like the 1st ferromagnetic magnetization fixing 
film / the 1st tunnel insulator layer / the 1st magnetic layer / nonmagnetic conductive layer / the 2nd 
magnetic layer / the 2nd tunnel insulator layer / 2nd ferromagnetic magnetization fixing film. 
[0028] The 1st and 2nd ferromagnetism magnetization fixing film is a ferromagnetic to which 
magnetization was fixed, and the magnetization does not change in a signal field. The 1st and 2nd 
magnetic layers always carry out antiferromagnetism association of the magnetization of the 1 st and 2nd 
magnetic layers with the mutual nonmagnetic conductive layer inserted in between. Although the 1 st 
and 2nd magnetic layers and a nonmagnetic conductive layer are collectively used as the magnetization 
storage film, it is the 1st and 2nd magnetic layers that the sense of magnetization changes by impression 
of a signal field. 

[0029] Differential detection of the storage information on these tunnel junction components 11a and 
1 lb is explained using tunnel junction component 1 la of drawing 1 . informational storage — always — 
each - it carries out so that one side of tunnel junction 1 la-1 and 1 la-2 may serve as the low resistance 
RP and another side may serve as the high resistance RAP. Here, magnetization of the magnetic layer 
which constitutes the tunnel junction with the same low resistance RP, and the ferromagnetic 
magnetization fixing film is resistance in the parallel condition mutually, and the magnetization of a 
ferromagnetic layer and the ferromagnetic fixing film of the high resistance RAP is resistance in the 
condition of anti-parallel mutually. 

[0030] If the tunnel current of hard flow is mutually passed to this tunnel junction 1 la-1 and 1 la-2, the 
difference of the flowing tunnel current value or a load electrical potential difference can carry out 
differential detection of each junction as the sum. The tunnel current of hard flow is a current which 
flows from the 1st magnetic layer to the 1st magnetic magnetization fixing film through the 1st tunnel 
insulator layer, and flows from the 2nd magnetic layer to the 2nd magnetic magnetization fixing film 
through the 2nd tunnel insulator layer in tunnel junction 1 la-2 in tunnel junction 1 la-1 mutually. Or the 
current which flows from the 1st magnetic magnetization fixing film to the 1st magnetic layer to the 2nd 
magnetic layer again through the 2nd magnetic magnetization fixing film to 2nd tunnel insulator layer 
through the 1st tunnel insulator layer is sufficient. 

[0031] Since the 1st ferromagnetic magnetization fixing film is connected to a bit line 13, the 2nd 
ferromagnetic magnetization fixing film is connected to a bit line 12 and this double tunnel junction 
component 1 la is connected to the common sense amplifier 17, differential detection of a current 
difference or a load electrical-potential-difference difference is attained by passing the current of hard 
flow mutually. 

[0032] Electrical connection of the storage film is carried out to the source drain of transistor 14a of 
drawing 1 . This is made with the 1st magnetic layer which constitutes the storage film, nonmagnetic 
conductive layers, all the 2nd magnetic layer, and a certain configuration by which is, and crawls and 
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electrical connection is carried out to a source drain through a conductive layer in whether it is a gap. 
[0033] Parallel connection of other double tunnel junction components with the same configuration as 
double tunnel junction component 1 la, for example, the double tunnel junction component 1 lof drawing 
1 b, is carried out to bit lines 12 and 13 in the same format as component 11a. Moreover, connection 
between the storage film of the double tunnel junction component 1 lb and eel transistor 14b as well as it 
of double tunnel junction component 1 la is made. 

[0034] Two or more tunnel junction components connected to the same bit lines 12 and 13 can prepare 
more than one, and are arranged in the shape of an array in the direction in which the bit lines 12 and 13 
of drawing 1 are extended. Moreover, as for the eel transistors 14a and 14b of the memory cell 
connected to the same bit line of drawing 1 , common connection of the many items of a source drain is 
made at the source drain of the pass transistor 15. The gate of each eel transistor is connected to the 
corresponding word lines 16a and 16b. Under the present circumstances, although not illustrated, 
common connection of the gate electrode of the eel transistor of the memory cell arranged in the shape 
of an array in the die-length direction of a word line can be made at the same word line. 
[0035] While it becomes unnecessary to be able to constitute one memory cell, to be able to realize a 
differential method, and to use a reference eel by one transistor and the double tunnel junction 
component with the 1st operation gestalt, it can contribute to contraction of bit size greatly, and large- 
capacity-izing of a memory apparatus is possible. Moreover, since the problem of the variation in a eel 
transistor can be reduced, a noise can be reduced sharply, and compared with MRAM of the result 
former, a S/N ratio big 10 or more times is obtained. Moreover, in order to use the multiplex tunnel 
junction more than a duplex, the bias dependency of TMR is also small. Moreover, by the small current, 
since the storage film is equipped with the 1st and 2nd ferromagnetic layers combined in 
antiferromagnetism, even if an anti-field is small and a memory cell becomes small, since efficient 
writing is possible, the small mass nonvolatile memory of power consumption can be offered. 
(Gestalt of the 2nd operation) Writing/read-out of magnetic information are explained to be the 
structures of the memory apparatus which constitutes the circuit explained in the 1st operation gestalt 
from the 2nd operation gestalt using the sectional view of drawing 2 . In addition, the same sign is given 
to the configuration same among drawing 2 as drawing 1 , and the detailed explanation is omitted. 
[0036] In the double tunnel junction component 1 1 of this operation gestalt, laminating formation of the 
1st ferromagnetic magnetization fixing film 21/the 1st magnetic layer [ 2nd ] 25 of 24/of the 
23/nonmagnetic conductive layers of 1st magnetic layer of 22/of tunnel insulator layers/the 2nd tunnel 
insulator layer 26/the 2nd ferromagnetic magnetization fixing film 27 is carried out one by one, and the 
2nd magnetic layer of 24/of the 23/nonmagnetic conductive layers of 1st magnetic layer constitutes the 
storage film 28. The 1st tunnel junction is constituted by the 1st ferromagnetic magnetization fixing film 
21/the 1st magnetic layer [ 1st ] 23 of 22/of tunnel insulator layers, and, as for this component 1 1, the 
2nd tunnel junction is constituted by the 2nd magnetic layer 25/the 2nd tunnel insulator layer 26/the 2nd 
ferromagnetic magnetization fixing film 27. Although the storage film 28 is a three-tiered structure, 
considering as multilayers further is also possible. In addition, the part which attached hatching in 
drawing 2 thru/or drawing 4 , drawing 6 , and drawing 7 (slash) is an interlayer insulation film. 
[0037] Magnetic coupling of the 1st and 2nd magnetic layers 23 and 25 of each other which constitute 
the storage film 28 is carried out in antiferromagnetism. That is, magnetization of the 1st and 2nd 
magnetic layers 23 and 25 is held mutually at the reverse sense, and mutual magnetization is maintained 
by the reverse sense even after being reversed with an external magnetic field. Such antiferromagnetism- 
magnetic coupling is realizable by inserting the thin nonmagnetic conductive layer 24 in between the 1st 
and 2nd magnetic layers 23 and 25. 

[0038] although the ingredient of the nonmagnetic conductive layer 24 which urges switched connection 
to the 1st and the 2nd a little more than magnetic layer is selectable from a well-known thing — Cu, Ru, 
Cr, Re, Ir(s), and these one — more than 50atom% — it is desirable to use the included alloy. Since 
antiferromagnetism switched connection is obtained by thickness with antiferromagnetism switched 
connection thin strong moreover, especially Ru, Re, and Ir are desirable. 

[0039] Moreover, in order to urge the flux reversal by the low current field, as for two magnetic layers 
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which carried out antiferromagnetism association, it is desirable for the values of magnetization to differ 
mutually. Therefore, it is desirable to use the magnetic layer of an ingredient which the thickness of the 
1st and 2nd magnetic layers differs, or is different. 

[0040] Magnetization of the 1st and 2nd ferromagnetic magnetization fixing film 21 and 27 is that 
magnetization of ****** which fixes in the same direction mutually, and the 1st and 2nd magnetic 
layers 23 and 25 which carried out antiferromagnetism association is reversed from the condition of"!" 
of drawing 2 to the condition of "0", as shown in drawing 2 , and a change of the storage information on 
this memory cell is made. 

[0041] Since the sense of magnetization of the 1st ferromagnetic magnetization fixing film 21 and the 
1st magnetic layer 23 is anti-parallel mutually and the condition of "1" of drawing 2 has the mutually 
parallel sense of magnetization of the 1st tunnel junction of the high resistance RAP, the 2nd magnetic 
layer 25, and the 2nd ferromagnetism magnetization fixing film 27, the 2nd tunnel junction serves as the 
low resistance RP. On the other hand, since the condition of "0" of drawing 2 has the mutually parallel 
sense of magnetization of the 1st ferromagnetic magnetization fixing film 21 and the 1st magnetic layer 
23, and the sense of magnetization of the low resistance RP, the 2nd magnetic layer 25, and the 2nd 
ferromagnetism magnetization fixing film 27 of the 1st tunnel junction is anti-parallel mutually, 
resistance of the 2nd tunnel junction can be performed with the high resistance RAP. 
[0042] Next, an approach to write in such storage information is explained, for making information 
memorize ~ the word line (WL) of drawing 2 — it carries out to 29 and 30 by **(ing) the signal current. 
It is long to the longitudinal direction of the space of drawing 2 , elongation and WL30 are long to the 
perpendicular direction of space, and WL29 is extended. Information is memorized by passing the signal 
current to these both by only the double tunnel junction component 1 1 in that intersection. As shown in 
drawing 2 , the storage film 28 is connected to one side of the source drain 3 1 of the eel transistor 14 
through the contact column (wiring) which consists of a conductive ingredient, and the source drain 31 
of another side of the eel transistor 14 is connected to the pass transistor 15 of drawing 1 . If the gate 32 
of a eel transistor is made to turn off in case storage actuation is performed, a current will not flow to a 
tunnel junction. In addition, as a dotted line shows to drawing 2 , from space, the contact column which 
connects one side of the source drain 31 with the storage film 28 is located in this side or the back, and 
crosses through a bit line 13 and a word line 29, and an interlayer insulation film. 
[0043] Next, the means which reads the storage information on a memory cell is explained, the current 
or voltage drop mutually accompanying [ by making into an ON state the gate 32 of the eel transistor 14 
shown in drawing 2 / a double tunnel junction ] a sink and it for the tunnel current of hard flow — a bit 
line (BL) — in the eel amplifier 14 of drawing 1 , differential detection is carried out via 12 and 13. A 
signal level is set to deltaV (= (RAP-RP) Id) or -deltaV corresponding to above-mentioned "1" and "0", 
and the magnitude of TMR itself can be used as a signal. For this reason, a very big S/N ratio is 
obtained. In addition, 10 of drawing 2 shows semi-conductor substrates, such as silicon, and 31 shows a 
source drain electrode. 

[0044] Moreover, the double tunnel junction which carried out the laminating to the length shown in 
drawing 1 can be greatly contributed to contraction of bit size. Moreover, if a soft magnetism layer is 
used for two magnetic layers 23 and 25 which carried out antiferromagnetism association, since coercive 
force will become small, even if a field required to write in magnetic information is small and 
component size becomes small, a storage current does not become large but is a low-power mold. 
[0045] Like the 1st operation gestalt, since it is not necessary to use a reference eel and to take into 
consideration the variation in a transistor or a tunnel junction component, cost can be reduced 
remarkably further again. 

[0046] In order to enlarge read-out sensibility, it is desirable to use the large ingredient of a magneto- 
resistive effect for the 1st and 2nd ferromagnetism magnetization fixing film or the magnetic material of 
the 1st and 2nd magnetic layers. Therefore, magnetic layers 23 and 25 and the ferromagnetic 
magnetization fixing film 21 and 27 can use half metal, such as the magnetic substance, such as Co, Fe, 
CoFe, CoNi, CoFeNi, and a FeNi alloy, and NiMnSb, and Co2MnGe, etc. If half metal has a large rate 
of spin polarization since an energy gap exists in one spin band, and this is used, a bigger magneto- 
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resistive effect can be acquired and the big signal output as a result will be obtained. 
[0047] Moreover, it is possible to use well-known various means for a means to fix magnetization of the 
ferromagnetic magnetization fixing film 21 and 27. For example, a means to use the ferromagnetic high 
ingredient of an anti-field for the ferromagnetic magnetization fixing film 21 and 27 rather than a 
synthetic field required for the flux reversal of the magnetic layers 23 and 25 of the storage film 28, 
Moreover, a means to make the ferromagnetic magnetization fixing film 21 and 27 carry out contact 
arrangement of the antiferromagnetism film, and to fix magnetization of the ferromagnetic 
magnetization fixing film using the switched connection of the antiferromagnetism film and the 
ferromagnetic magnetization fixing film, There is a means to change to the antiferromagnetism film, to 
make carry out contact arrangement of the hard magnetic film, and to fix magnetization of the 
ferromagnetic magnetization fixing film 21 and 27 by the leakage field etc. As an antiferromagnetism 
film ingredient used for switched connection, FeMn, IrMn, PtMn, etc. can use what is used by the usual 
spin bulb GMR. 

[0048] Moreover, as tunnel insulator layers 22 and 26, various insulating non-magnetic materials, such 
as aluminum 203, Ta205, silicon oxide, and MgO, can be used. The desirable range of such thickness is 
30Afrom5A. 

[0049] furthermore, a thin film for magnetic cells which was explained above - molecular beam epitaxy 
(MBE) — it is producible using the usual thin film deposition systems, such as law, various spatters, and 
vacuum deposition. Moreover, structure as shown in an operation gestalt is producible using ultra-fine 
processing technology and a multilayer-interconnection technique. 

[0050] (Gestalt of the 3rd operation) Writing/read-out of the magnetic information are explained to be 
other structures of the memory apparatus which constitutes the circuit explained in the 1st and 2nd 
operation gestalten from the 3rd operation gestalt using the informality Fig. of the cross-section structure 
of drawing 3 , and a circuit. The sign same about the configuration same among drawing 3 as drawing 1 
and drawing 2 is attached, and the detailed explanation is omitted. 

[0051] On the other hand with this operation gestalt, it is the circuit of bit lines 12 and 13 which 
connected the sense amplifier 17 with the bit line 13 through the transistor 33 in drawing 3 . By drawing 
2 , one of two word lines 29 and 30 is omissible with this. That is, at the time of information writing, the 
current is made into a sink and coincidence and the transistor 33 is made the bit line 12 and the word 
line 34 at the OFF state. By this, the current passed to the bit line 12 does not flow a tunnel junction, but 
plays the role of only field generating for writing. 

[0052] In addition, to two tunnel junctions of the double tunnel junction component 1 1, the tunnel 
current of hard flow can be mutually passed by making a transistor 33 into an ON state at the time of 
read-out, and above-mentioned differential detection is possible. 

[0053] Thus, one word line can be omitted by insertion of a transistor 33, and the number of wiring 
layers can be reduced. 

[0054] (Gestalt of the 4th operation) Writing/read-out of the magnetic information are explained to be 
other structures of the memory apparatus which constitutes the circuit explained in the 1st operation 
gestalt from the 4th operation gestalt using the informality Fig. of the cross-section structure of drawing 
4 , and a circuit. In addition, the sign same about the same configuration as drawing 1 in drawing 4 
thru/or drawing 3 is attached, and the detailed explanation is omitted. 

[0055] With the 4th operation gestalt, as shown in drawing 4 , connection between one side of the 
source drain 31 of a transistor 14 and the storage film 28 is made through a bit line 12 and the magnetic 
electrode 35. This establishes a hole in the 2nd tunnel insulator layer 26 and the 2nd ferromagnetic 
magnetization fixing film 27 which are shown in drawing 2 , and creates it by embedding an insulating 
material in the hole. Moreover, it may change to the ferromagnetic electrode 35, the nonmagnetic 
electric conduction film may be used, and deposition and processing of the nonmagnetic electric 
conduction film are needed apart from membrane formation of the ferromagnetic magnetization fixing 
film 27 in this case. 

[0056] If the switch on which the current was connected to the bit line 12 and the word line 34 at the 
sink and the bit line 13 at the time of the writing of magnetic information is made into the OFF state by 
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the configuration as shown in drawing 4 , the writing of the magnetic information on the storage film 28 
is possible for tunnel current to the double tunnel junction 1 1 by the synthetic field of two currents 
which do not flow but flow a bit line 12 and a word line 34. 

[0057] Moreover, it becomes possible to pass a reverse current to each junction which made the 
transistor 33 of drawing 4 into the ON state, and it is made for a current to flow to bit lines 12 and 13, 
could energize for read-out of storage information to the double tunnel junction 1 1 by making a 
transistor 14 into an ON state, and was explained to it with the 1st operation gestalt. 
(5th operation gestalt) Although the 1st thru/or 4th operation gestalt explained the structure and circuitry 
at the time of using a transistor and a tunnel junction component for a memory cell, the 5th operation 
gestalt explains the circuitry which used eel diode instead of the eel transistor using the circuit diagram 
of drawing 5 . In addition, the same sign is given to the configuration same among drawing 5 as drawing 
1 thru/or drawing 4 , and the detailed explanation is omitted. 

[0058] Drawing 5 is an electrical circuit at the time of replacing eel tolan Sister 14a and 14b in drawing 
1 for Diodes 51a and 51b. however, since diode does not have a eel optional feature, it is made possible 
— as ~ drawing 5 — a bit line (BL) ~ the selection transistors 55 and 56 are formed in the end of 12 and 
13. Compared with preparing a eel transistor in each memory cell, the bad influence to large-capacity- 
izing of a memory apparatus has few these selection transistors 55 and 56 that what is necessary is just 
to prepare in each one bit line. 

[0059] The read-out actuation in this circuit is the same as that of what was explained in drawing 1 , 
except that the eel transistor 14 replaces diode 51, and detailed explanation is omitted. 
[0060] Moreover, write-in actuation can be performed by passing a current to the word line for magnetic 
information writing which is not shown in drawing 5 , or BL 12 and 13. The current passed to BL 12 
and 13 contributes only to field generating, without flowing for the tunnel junction component 1 1 by 
using diode 5 1 . Of course, two word lines for magnetic information writing which intersect 
perpendicularly mutually may be used. 

(Gestalt of the 6th operation) Writing and read-out of the magnetic information are explained to be the 
structures of the memory cell which constitutes the circuit explained in the 5th operation gestalt from the 
6th operation gestalt using the informality Fig. of the cross-section structure of drawing 6 , and a circuit. 
In addition, about the same configuration as drawing 1 thru/or drawing 5 , the same sign is attached 
among drawing 6 , and the detailed explanation is omitted. 

[0061] Diode 51 is formed in the upper part of the storage film 28 of the double tunnel junction 
component 1 1 in the example of drawing 6 . Diode 5 1 has the property that can use pn junction diode, 
the schottky diode using contact to a metal and a semi-conductor, the diode of other common 
knowledge, etc., a current flows by impression of forward voltage injunction of two layers 
fundamentally, and a current does not flow by impression of reverse voltage. In drawing 6 , a current is 
passed in WL34 for storage, and the upper part BL12, and storage information is written in them using 
the synthetic field. Since diode 51 exists at this time, a current does not flow for a double tunnel junction 
component. 

[0062] Read-out of storage information can carry out differential detection by choosing the diode 51 of 
drawing 6 , and two BL(s) 12 and 13. 

(Gestalt of the 7th operation) Writing and read-out of the magnetic information are explained to be other 
structures of the memory apparatus which constitutes the circuit explained in the 5th operation gestalt 
from the 7th operation gestalt using the informality Fig. of the cross-section structure of drawing 7 R> 7, 
and a circuit. In addition, about the same configuration as drawing 1 thru/or drawing 6 , the same sign is 
attached among drawing 7 R> 7, and the detailed explanation is omitted. 

[0063] The cross-section structure which formed diode 51 in the lower part of the double tunnel junction 
component 1 1 is shown in drawing 7 . This structure performs the writing to the storage film 28 because 
the bottom bit line 13 passes a current to elongation and the vertical bit lines 12 and 13 for a long time to 
the space perpendicular direction of drawing 7 and generates a synthetic field. Since there is diode 51 
too at this time, a current does not flow for the double tunnel junction component 1 1 . Read-out can be 
performed by choosing WL53 extended to a space perpendicular direction by drawing 7 linked to diode, 
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and BL 12 and 13. 

[0064] If the diode 51 explained with the 5th thru/or 7th operation gestalt is used, it reads by adjusting 
the resistance and a current can be adjusted. For example, it will read, if resistance of diode is enlarged, 
and a current becomes small, bias voltage becomes small as a result, and the big advantage that the fall 
of the TMR effectiveness can be controlled is brought about. In addition, the same of adjustment of such 
bias voltage is said of the case of the operation gestalt of the 1st which used the transistor as a switching 
device thru/or 4. 

[0065] Although each class used for the tunnel junction component in a memory cell the double tunnel 
junction component by which laminating formation was carried out to the perpendicular direction of a 
substrate side with the 2nd [ which was explained above ] thru/or 4th, 6th, and 7th operation gestalt, the 
tunnel junction component of this invention is not restricted to this, but can be changed variously. That 
is, it is applicable also to the multiplex tunnel component more than a duplex. Moreover, modification of 
structure is possible in the range which laminating formation does not necessarily have to be carried out 
and does not deviate from the meaning of this invention. 

[0066] Moreover, as the third invention was described, the magnetic memory apparatus of the method 
with which the tunnel junction of the low resistance RP and another side carries out differential 
detection of the current difference or load electrical -potential-difference difference of the current which 
constitutes so that the relation of the high resistance RAP may be maintained, and branches in a 
nonmagnetic conductive layer, and which flows the 1st tunnel junction, and the current which flows the 
2nd tunnel junction also has the tunnel junction which is always one side within the limits of this 
invention using two 1 -fold tunnel junctions. 

[0067] Since one transistor and two tunnel junction components which connect a memory cell with a 
nonmagnetic conductive layer can constitute from the magnetic memory apparatus of the third 
invention, a transistor count can be reduced and contraction of the problem of dispersion in a switch (a 
transistor or diode) and the area of one eel can be realized. Moreover, it can have the property excellent 
in the S/N ratio. 

[0068] As structure of realizing the magnetic memory apparatus of the third invention, the 1st tunnel 
junction linked to a nonmagnetic conductive layer and the 2nd tunnel junction can be estranged and 
formed in extent whose antiferromagnetism association between magnetic layers is lost. Functionally, 
unlike the 1st thru/or 7th already described operation gestalt, not using antiferromagnetism association 
of the 1st and 2nd magnetic layers by the nonmagnetic electric conduction film, the flux reversal of 
these magnetic layers is controlled independently, and the tunnel junction which is always one side 
realizes differential detection because the tunnel junction of the low resistance RP and another side gives 
the relation of the high resistance RAP. Therefore, a write-in line required for the flux reversal of both 
the ferromagnetism layer is needed for every tunnel junction. 

[0069] In addition, this invention is the range which does not deviate from the meaning expressed 
above, and modification and combination are variously possible for it based on the 1st thru/or 7th 
operation gestalt. 
[0070] 

[Effect of the Invention] The magnetic memory apparatus of this invention can realize a differential 
method using one switch (a transistor and diode) and two tunnel junctions, and can realize the 
outstanding S/N ratio. Moreover, it can contribute to contraction of bit size greatly, and enlargement of 
storage capacity is possible. Moreover, since the problem of the variation in a transistor or diode can be 
reduced, a noise can be reduced sharply. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The circuit diagram for explaining the 1st operation gestalt of this invention. 

[Drawing 2] the cross-section structure for explaining the 2nd operation gestalt of this invention, and a 

part — the informality Fig. of a circuit. 

[Drawing 3] the cross-section structure for explaining the 3rd operation gestalt of this invention, and a 
part — the informality Fig. of a circuit. 

[Drawing 4] the cross-section structure for explaining the 4th operation gestalt of this invention, and a 
part — the informality Fig. of a circuit. 

[Drawing 5] The circuit diagram for explaining the 5th operation gestalt of this invention. 

[Drawing 6] the cross-section structure for explaining the 6th operation gestalt of this invention, and a 

part — the informality Fig. of a circuit. 

[Drawing 7] the cross-section structure for explaining the 7th operation gestalt of this invention, and a 
part — the informality Fig. of a circuit. 

[Drawing 8] The circuit diagram of the conventional magnetic memory apparatus of this invention. 
[Description of Notations] 

la, lb, lla-1, lla-2, llb-1, llb-2 - Tunnel junction component 

2, 12, 13 - Bit line 

3, 16a, 16b — Word line for eel selection 
4a, 4b, 14a, 14b - Cel transistor 

5 1 5 — Pass transistor 
6.17 — Sense amplifier 

7 — Bit line for reference eels 

8 - Plate line 

10 — Substrates, such as a semi-conductor 
29, 30, 34 - Word line for writing 

3 1 — Source drain electrode 

32 — Gate electrode 

33, 55, 56 — Switch transistor 
51, 51a, 51b - Diode 



[Translation done.] 
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i v >*)i>tmmiftLx mam i mm&wtm 
mtzm i SLim 2 sami*® rbccks;* tmtzm 1 m$m 10 

«fiaiB2 h>^;n^igJl*^L-cfri2^2ettJlK:>! ! ft6] 

iea 3 titcm 2 &fi&ttia{k@»& <t s h > * ^ws 

Mian i «sstt»{t@»iiKm^^-r 2 & 
oiirie^ 2 sasi£»f kB*MKc«M£M-r s m 3 iaia* 20 

fig*. S C <!: =&^F§i <b -T £SttfU * 'J SIS. 

[ts^2 ] MiBisMiBtsiaifrian 1 9S»tt8MfcH# 
wr * c t tftmt -r kissm 1 EttoBau * y si 

mrfBmuSffigiia^ieHSn/cm h>*.MMMI 30 
i, 

eh 1 Rvm 2 nttJinicES 3 m 1 rcww 2 «a 
miiBfiaai3tsa«:ifieffiS 3 titeJB 2 b y * 

4, 40 

mgamMiatiBifrias 1 3S8tttttfcii»BU©isi%«- 
nami KHB«aiBt»R<t«nBH2ss 
fiBfflcB{b@3t®<!:©ra£i&ft*l&2 h>*ju^i£©miJSE 

wiBwis«aatsMtH«««:«a!s*ir*»2E«. & 50 



UTtiflBSS 2 3ffl!ffi»fkBSIgKfl£R«*S-r 4SI 3 13©* 
«*. & C 4 «!: f &tt 3#S 3 iBt£©?»fU * y SI 
S. 

[II«J«5 ] mjfSfl 1 3£6&ffi8<kB«lg, W!iSm 1 h > 

SI2«fflB. B5IBH2 h>*Jl4MII. &tff«tfl!82& 
fiBSttfi8{kHJSe«iSISBRSS*i-CC^C4*^8k4-rS 

mm 1 3 <Dc»rti*>«cia«{©«»> * y si 

SB. 

Cif*3B6 ] H«ia?lMfalS|g«miiaH 1 BKSr/J-Ut h 

©fl£M*ysss. 

A>«:iBiK©l&§U* U SIS. 
[if 8 ] b?IB h Ji4S^«*aw«rE 

{is c t zim t t sif mm 6 (ctass©®^,^ * y # 
s. 

[if ^9 ] fJsB^l^^Wi^SmiiBH 1 BS^RUMBtifB 
tT^(S)«:{tO'2,friem2RD t 03 iBK*«tfc*:«*4 c 
£ **3f« 4 r S if** 8 &ciaiB©GBIM * »J SIS. 

[W jjoi 1 0 ] frse?iJ^[Sj«:^i5igt!!©fi?ie-fe;i' h v > 

^©y- hm@«— #©IBil£Uc£:iiJgi&3ftTO£ 

c <k <t r sff *i 9 ia4s©ffl^^ * y sis. 
[if3j?«i 1 ] msmittic&&mk<Df®&t->*»& 
■sm+vm 1 oaastt»f bs*Momeff 2 ie^K:*a 

m2©3fiStH4»{kH«K««3a»3ffi««:#t 
aS«S3 ftWiCi Srifctfc t-T Sif 9 BIKDKftl 

>*y*is. 

[ if 1 2 ] frten 2 so'H 3 iB^«B»ta h > * jUS 
SBiK* 2 *«i * c <t *#Sfc<t T Sif 5 iBK©®^ 

^^eysis. 

[«Jiail 3] S5IBm2R^3iBim©^-rtl^-iH2 
>^T>7"i©ra«:X^ f ?-%1®x.. MfBX^y^iS 

^3ti-5iBi^«^©iai^t3J^-rifiaiMS*ji*fflKi® 
£«i;t * c t ttzmim 7 ibss©i83u * y $1 
s. 

[if mm 1 4 ] frtan 1 3iEatts2<kB^)SRafiiaH2 

iSi^-^iK^jssn^ luiem ffii^t mriBSS^tatf. 
mzmsntMcmwrf zmfflmzm*. z c <»: & t 4 
if*^ 1 Rt>'4 ©c^-rti*>«:iais©ia^,^ * y sis. 
[if^B 1 5 ] friaas^ieWJ^tiMiaH 1 13^*^- ox 
b-t,cmm2tix^2>ct*ftWit-?zmmmi 
ru 4 s^o^-rtiiftic^om^ * y sis. 

[if *9 1 6 ] meJHB&WKJIf*. Cu. Ru, c 
r.Re, I r*^3M«n2>#)S> Ail'BCu, R 
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u. Cr.Re. 1 r £5 0 a t o m%&±&ts-&£.& 

p>u 4 c t %®w. 1 1 %wm. i m> 3 ©i>-r*i*»cciB 
ss©{S3u*y3£g, 

immi 1 7 ] ms» i Rum2 <m®&m<Dmz&£. 
(,»(c»& sci t-r zm&m i so'tt ^ 3 «:ib 

[f»#JI 1 8 ] 1 Rtf3S2 ©3£BBfflItt. Sv>(C 

asm*- y > r ©n& zmmtfi-tph &4 c £ fctsa* £ 

T Sfft^JB 1 Ri^W^ 3 (cfB*S©B£5U * 'J $is. 
[ »3J3B- 1 9 ] t^ia]* s @^ 3 JvteSI 1 S&SBttBBf b@ 10 

oT^b©fl*#gH34Sin WE* IK 

HSSBMbcornitfiSSW^rsaffita^Kc^i r > 

?S{b^* s a^§nfc*2^88i4!S{b@^Js. mie*2 
5S?attStt^bHSiBiiiasaBSisn^*2 20 

jR. Sy'l«fB^2 h>*^i^Sli i Sr^bX««ie*2^Sa 

©faj*#**>4ll«»H«***.. j?fiiBSff258ttjg©fiB 

< . - iwlB!& 2 ttttflKDttf UDIftl § *5H51BH3EaB< b© 

<t. 

IIIBft 1 ROtulB* 2 «tt***»WKS»TS#«tt 

OTfBfS 1 &att»{bBtti&Jc*»J^-f 4#2K»£ . 
Hula* 2 bH#J»«:«sis«6-r 3 mmt * 
flit 5 c t unit r zmuxs * v 
[ia*3i2 o ] me* 1 aww2 r so* 
sjta-fe jl-^ 4 2- bWf$. 3*14 ^ * y -fed/ 

OWj ftCC T U 4 Wctl*. 4 1 <h £*!8fc £ T 48»3<JS 1 
[»3J9B2 1 ] MfBff l r>*Ji46£f^W*ne*2 h 

[111*32 2 ] B5IB* 1 r >*;W*£2ttrtW2W2 r > 
«riB»lRDf»2»tt«IBK:WE^Wtttt» 
S&rt*iBg3ti4 <fc 9 KSWBJ&iRS ft. ftria#HK14»»« 
H»liJfB* 1 Rtf*2BBffiS*K&®1^£3tf4C t 

& -r sn*gt i 9 f Bts©6Bfu * y £g. 

[fHSOI&M&BHin 
[0001] 



[0002] 

[$£*©&a5] — fiff. aMttttHettAttttMEB 
ShfcZo<o«ttJP*»o8WiBiR:*i,»r. ffl^«6Si$» 
$(MaenetoRes i stance) ©— fiL 
*>t5>4g*fiB»ffi»i (G i a n t MR) WiMktmhtlZ 

mCDJOTC&SKfltJIU #*tt**rt-0T«*M-4* 

fcfMHt. «. »to «> 4 AIWIIC <fc o TSBI-C # 4 C t 
#$R£3tt-tt>4. fflliU*. Fe/CrCAI&T-IBI (Rhys. 
Rev.Lett. 6h 2472 (1S88) #M) Co/Qj©AI*S 
(J.Macp.Macyi. Mater.. 94. LI (l99l) , Phys.Re 
v.Lett. 66, 2152 (1991) #M) ^"C*4. 

[ooo3]$/c #w&£mm&ftoxmimm*:m 

F -f » ?)SK:4sC^-C. 3S»ttJBra©?£SSe^**ft < *4 

s#4ciK:j;'5. zQmw&m<o®s.*:~-s^Y*m 

ffe^©®SSt4lg©ffli{b (Xf>) ©^«r^SR8W 
•cQMtcz-i -,»^t?*4J:^tcUfc. c»t>KD4^tW 

;L-^M*J»ie.n-Cl>4 (*H«F5lF*5,206,590#^) „ 
C©«^. 2o©^K14JgW©^g^^*i|il»fc»/jN3 
ftfia»"C^ f>*Jgfe-C# 4©t?AIte : 5HgK:tb'<-tJS 
K©*t»SBaRatlE«*3R^*ll«'C*. iS?Baffl^llBii 
^H£^9 FtL.-C. 3£fiE»lHb3*VCt»4. 

[0004] «±«a@l®©)Rffi«:¥tf k. 

2) (Phys. Rev. Lett. 66. 3060 (1991) #M) . 

[ o o o 5 ] s e>{c. fiW±e/i&s>i/ssttB36 i e>&4 

3«M(c««»-c. ^g|5S5»K:J:ot:2^©^fiattB©^ 
t > *ai > ecw & 4 c > itgffiw 4 c <t «c «fc »j 

fflb/c^fiStt h >*^fi^tC«fc 4EAfi5«Sta (TM0 
fli^bfahtlX^i) <J. Maqn. Maqn. Mater. 139, L23 
1 (1995)) . 

[0006] ttc. iffi^=&-o{f z.tcw&m/mua 

MiP h % 4 2 « h > * ^ ^^SR^f *> 3 tiX ^ 
4 (^¥8-69581-^) . ^gg^l0-308313^(C 

B. SM©i|femBK:«ko-C»*ti/ctt3*©^fiStt(* ; &S» 
tfc-f-ttfc L /c®fiKtt 2f h JVtR£*?*«IB5* 3 ht 

^aE«:<t 4TM«a*©fiT^3 1» i lr>9 ^fij* 1 * 
4. 

[000 7] E*«*a«»Bto!ll***»*^* F 
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'JgaCMRAM: Ma^etoresi stive random access memor * *HJ Lf^£^LTm^mE*»S#5£#B<?>tt£#. 

y)KfWr*C£fe*ifiWaE3*VCl>S O.Appl.Phys. ffiXR#IH L©fc»«C«-fe>*WtttdJ>tt < itlflttA 

85. 5822 (1999), 3. Appl. Phvs . 85 , 5828 (1999) .) . Blfci«fcfc*>. r >**^«1S»**T-©*£«!>1 

COH^, fi^©»a*-^©?iB^r#»tt£K ©*#;?£#*££. 300-400 «m&<D>UTXifiW 

gWKWt^ciKio "i" , "o" ^leasts- io *rr9*+-c\m*>*mz*tc+frti*3*.tn>. 

S. K*lHL»GM-R^TMR»**««LnT5. [00 1 0 J fi^MRAMT--**** + «H8©!a- 

[0008] GMR^m^Jfflbfcfg^t^v^P^^- KEHC7rc-r«fc5tC. &fi8tt r >*.»Hg£ (t(T. MT J 

taaRT-KWfctafi-ci^rfirayt*. iWk©*^*^ m)«fia. ibie»«2*. 9-f«3 

y*-Xtcoftlvr^S»tWN.»C£*»6. MRAMK a, 3bfcJ:-9TON/OFFiTOP3*i***iWyBr 
ttH©Xtr>*fil6r4se»3»**Ci. */cM^UJ^ TJJR^la, 1 b £*?»U1 r9>S?**4 a. 4 

p««: fc«a*<!>/hs i»wttJi©* tr>*R«r4ifiw«» b Hcram*?*. astcsttt^ vm2 (omvm h 

s<. ^<Dtdbnsm-cm^m-rcttnmm-vs>^. hire**. 

[00091-*. TMR^S^fcfflJHOfcMRAM [0011] CCBBm S&IUI/IWCMTJ ^ 1 

B. Mt©MR^b$*«2 0X«±i*Sf<. a, 1 bK»ttLfc r 9>i>**4 a. 4 bK***tt 

WB*ffib«toW*3 < rSrtJC i*t'©«hS3!iJ*0, fc4*vcK#HI l/ttSMT. tr? h<S7 tc£fft<*ti*#M 

j«Sl»*ii*-BB»iaL.©iiItttt«HI««*S!©3FW» t*01E£tt«lfr. -0- «ttOTff9 
^*»J4 0r»l«F3nrt»*. L*U TMRSSW< »»lHbflM*ffi*Vs. 8S#ffl I s. MT 

-fT*«Et£*KTMR*»*#<«TU a«300~4 JJWl.a. 1 b©«IS*R. *©TMR©lfi«{k* 
0Oi*«flE©^-fr^«E*SBJlllStl*4TMR«l»» 30 £MR. h 9 >5>* *©«!«* r . *.©/<5?ttfl t 
MRAMttWMB»ffi"C*4©"r. -5£©^* ^<<t. 

Vs =TMRxRxI S/2-/3 r 1 s ( 1 ) 

KK^t-fX^<61 MRAM©*S*<bttr 

tmmt ztcibic r 9 *©tt*> «3 «c # -r F £ 

"CU-S. (Proc. of Int'1. Non. Volatile Memory Tec 
hnologyConf. P47 (1998), IEEE Trans. Maq. 35, 283 
40 2 (1999)) . 
[0015] 

^$i2-3©MTJ^li;» r iLTffllv 
©M T J m^f-ic i^KBWbAsat-^S^f «: &£J:5tc 

fc»©#RS-b;U*J^S<!:«cO. ft#^BE«Vs =TMRx 
Rxls<tfc»). (1) 35©2«Ja-k&**<&£. U*» 

^SSMRAM«r^-rSCi«Htti 

50 



[0012] fttto*. »W*l£ttTMR*MHC#9« 
CiatibC^l/JWfUffl-C*^*. U*»4> £#14 

■5. C©fc«t>. C©Jr5ftMRAM©e#*f3fWtbS/ 
Nib«30dBgg t /J> 3 c >. c tiit&M-b sr - 

iila, 1 bK*frSfflS©ffie=o.24ffll\ r=lk 
Q, Is=l0/iA, R=40kQ. TMR = 253fi<frS£Vs=4 
8mv. /Sri s=2mVT?&*. S£-7"C. S/Ntb«201oq 
(48/2) =27.6dB<!:ft&. 

[0 0 13] c©<£5fcS/NJt©&#£0£fc*(c. 

H-3© (- 5 * i^O©MT J JR-T-* ltZvV&l> 

XMIK nOMT J ^K«^tc?a^b**S<.Hcjg^tf 
*?+#&f!i;*nT<,>* (isscc@BR#ii&S?. 2 

000^2^) . 

[0 0 14]-*. 3&^iaiRfflK:r5>^**£fflt>3 
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[0017] #&W©^«C©±5fctRftteSi.&. * 
[0 0 1 8] 

[Rgg&jsft-r £;fc«>©^&] ±ietss«:ffi*. s&-f£ 

m i 3S®tt^bH*K<!:i5«iBg§ n/cm i h >*>m 
mmt. mi \->*)i>tmm*:fti;rm\%imi.®.<m 
mm t urnem. $ ^assai^c «t «j am b©fi * z 
miwm. mimmmtwmm^^x^mm 

m 2 ^Mttura tcKs s urn 1 2 m&m * sstsa 

is^fBtf.)gcciasiegsti/c^2 h>*jn§*£ii<t. m 

2 K>^.;Uitei^K4^0-C^2eSttJl«:>Fti^@2g3*a/c 
^2%!SSttmH#e<!:4{i^S h>*JH££3H\ » 20 

miattBccsa^-rssn Eta. is 1 samffisafbsa 
[0019] ±S&smi*M&. mrMWct. WKfifaft 

mm swcti aaeeiH tmmm mi m®m ti&m 
mmstitcmi v>*iummmt. mi v^^nrnm 
zstLxm 1 ssiattBfli{basiJ8i4*ti6ji3B3 *v ^sssa 
ft(,cj:t)M{t<D[iii$&&t>2>m lw&m. mimnmt 

zmzzmmszigmt. mmmmic&mmwzttfcm 

2 Ifl2 h>*^iffi^«r^M/-C»2 

iKtt@K:*tisiEg§n/c^2®»i4»<b@j©j@<t t sam 
smmfrhmim&&mimmm~-ffi.tizmi 

^-c&m-r * c t zmw. <t r & mss.* * y ^g*s«-r 

a. 40 
[0020] iiegsstcg^. 3J=2fe9!«. mit 

'■mimzstiicm 1 ssfiattsifbssig. s& 1 

1 Y ^*frHm&*itl>xm 1 5£fiattfiB{b@#Bi*tfiE 

g«* tiPt$m.¥it>t& -> xmitom t*ss:t>i^ uettK 
4S^, ^lett^ofi^b^iSit^HJSSHWbcrsj^iK 
3FffWS'C^,ffi!S^<g< . If* 1 W&m<DMit<Dm& 

*ju«^SBi. Bai^b^(S]*i@ffi3ti/tm2«iSttie{b@ 

««. 0 2 S£SattS&4b@»lS<!: ifiSEgS ftfcis 2 h > 50 
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*)i>tmm. i&zm&m2 \->*>mmm*ftLxm2 
m< torn * murium 2 . s& 2 ssttiaoja 

{b©fa**«Ba<b©fi* i«W«W"C«R«tffcWft 

<. S&2«t±K©m©ft*#B^<b©ft*B&KW 

mriB^2!iaffiS4mmw«:®gi-r2»^JStt®mis<b > # 

immnmtnf&ffiSrth * *x 4 mi mm. 
mitmmmit&immtzmz&m. Rvm2&ffi>m 
immmic^MWi-r zm3mm*Giz.?>ct*m!it 

[0021] m-^Bjwu^^^vKgKfcc^-r^ ea^, 
fEte^*^mi®fiai4i»^bHifM^ssnsmi 
nmt. M^zmgfrhm2mmimimmm~-Tfoft2> 

[0022] m~$m<m.fa.**: y^gccfcor. mm 

lEtfi^tcmmJgi^-r 1 EBL JR 1 ®SI14i&[b@#K 

uLnmmrz>m2mm. -&.um2mwm.imm^K. 
m§mm? %m 3 mm*®*. * ct l, 1 
[00233 ^-^^-^©fiam^* >;^g«^© 

1 ) » 1 3&s&ffiatfbH5tis« m 1 k >*>\sm&m. m 1 

#«tta»s«. sr2SBttB . m2 h>* 
)i>m&m. jBLvm2mmm.itmmm1mmBi8.2t1x 

2) isamiaitra«miiB^ ; &/M/'rH2;Uh^>^x$© 

3) m2R&m3mm**:*<D— mxm-o>^>^r> 

4) h>*JHK^SR^-Siy t -fe^h7>^3'*>6fti^ 

5) ^Ifi]«:f*U : &miiSSaR0 c ^ffiltC{*i>'S^2R 
^ 3 BB^^f^ffl^ * • 

6) ^(Sjccr u-<««:^1*^©-fe;uh7>^^$© 
y- hS@«-*©Eig«:«jiS« 

7 ) fT^fflCCT u-ft^tcMAIfi^© h 

«, ^2R^3iei^K:*ae^3ti -c^s. 

8) ^2&0'^3ieiS!«h>*^^^4±T*'6*l5 
02R^3©iES«!:J5^T2. ^m»^ji* 

fflffii^ i fe2*{iiS. 

9 ) m2Ra*^3ie^©^-rn*'<t : fe>^T>7 , <t©ra 
it* j v m2iBnymz<D wm.tsm.f- 
zmfmz ThfrmmM* 1 

10) gi •mmmimmmRvm2mmmB;immm 
ttfia^fbssisiii-isifc^fiss n. is 1 ffimtfiamta 
1 1 ) fiamiettKB^iiB^^-i/r^-f *- pkwh 
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1 2) ^fi&ttigfUltJ. Cu. Ru, Cr ,Re, Ir 
frhMtttlZSm* *il>BCu, Ru. Cr, 
Re. I r£50a t o m^Jiti^t?^* 1 ^^^. 

13) ^lSO'^2<D158tt@©JSS*5S^tcM^ 
£„ 

14) 01&D t 02©fiBttJf«, El»«CSB«*-> 
> h ©lift *Btttm*> 6 £ . 

[0024] ^H^©aa^^* yawc^T. m i 

h5^t'J^7l/-/ttKlA5. 01RC/0 

2 h >*;i/S^»Jtti:li->fflHtA55«fiWTab 

S> . Sfc. ^1 h>*JH$£Rtf02 

« . 0 i scan 2 m&mMitimvmnm&ffig. <* ft £ 

JrStcSUSJ&SSft*. HfJW-^sfBh?^ 

15) 01 tttt&ttftBHM. 0 1 h >*JH£^HL 
S&UKttJl. -Mtt&WML 02fiB14Jt. 02 

So 

16) 02Rtf03iE^i;**©-i£-Cl5]-©-fe>;* 
17 ) h>*A/&£jR^-&tHzJl<;W » f-frhttZJ 

1 8 ) *J2Ffiltt:«iBf** 1 ettftCWf2FflJ«ctt#*W 

2 &O'0 3 13^*aSt*(lA 4. 

1 9 ) *f£fflccr u -f«tc^a«©-fe;i' h 9 >s>* 

2 0 ) fr^GJfcT U -TttK^ffiK© f- 
*tt. 02Stf0313|gK£iI8t&3ft-ti,>£. 

2 1) 02 RtfffS 3 IB»« h > * ;Hg£3S^£±T*> 

02sy : 03©iei^i3SM-rse«,*#ii*ffi 

IBSt* 2 

22) m2Rzfm3mmo^rnif>t^>^r>yt<r) 
nuc* 02&^03©ie®t^-r^« 

»§tiA*/BEiSl* 1 

2 3) 01 BBI£»<fcB*K&0'0 2 gHBffittl b@* 
|g©5*i. ««^BBJ:»)*4l»ti-C»iSStite?ili5flEtt« 
ft@*RiPI— BifcJ&KSft. JRlBilittStBti* 
fcSafcjK&gW So 
2 4) #fiBtt*MK. Cu. Ru. Cr.Re. I 
r*>6S«n5#JSI> *5l>BCu, Ru. C r ,R 
e. I r £ 5 0 a t o m%W±^t?£#*>e>&£. 
[0025] 

* y ssosiMttttcH-r -5.0 1 cmtam 

[0026] **Hii<z>ttaM* fltsx-r sitst 
©y * y -fe ;u©^ * K: 2 ofcLh© h > * jHS^S: <i A 
•5. 01©^Sg^.«-r«h>*Jb«^=&2o{iAS2S 
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h 1 1 *»l»"CttWr**». Cft*£S 

h>*>i/££K^Lfc»»fc#$|iJIK^*ftS. 
[0027] H l«:^-r2fih>*Jl/«^^l 1 a. 

1 1 b®*JA*l 1 a<MR?-*»t>ri»WS-*. 1 
UB, 01 ©3*G&14«{bB#K/0 1 © h >*;Hft» 
H/0 1 ffiBttJB*> f> •& h > * A<&£ 1 la-li. 0 

2 ome&M /n 2 © n > * ;i4&»R/0 2 ©sasettfia 

fbHSJSa^ftS h>*;Hg£l 1 a -2&4I;*.*., C 
ft 6 jMRKSUI $ ft 4 4 . 01 ©^iStt»{ k@*IS/0 

10 ;u^m/0 1 mi&m/immmm/m 2 « 

ttJB/0 2 h > * 2 ©§£Biffl8tf bH^BI© 

[ 0 0 2 8 ] 0 1 SO'02 SHBttttfbBttMtt. Ht# 

@^ $ ft fcetjsffii-c s> 0 . m#jaisi©*-c t> -e- ©safb 
«s:<bL«ccn 0iso f 02?»eJi«. ratc»ASft4 

S^JStt^$#4„ 01&O-02EB14JB, SWffltt 
^mg**<b«)-C?i<blBlf.l^4-r4^. fi#fi&#?©E|JJra 
(cj:-5TBBi<b©|Sl#^IEt>5©W0 1 2WJ»'2»ttJi"C 

20 *£„ 

[0029] COh>^g^^l la. 1 1 b©l5 
tttt#R©^Krt&tntt:-X>-c. H 1 © h ^Jl/S^SR^f- 1 

1 a*fflC>ri»Wr4. ««©iHtt»s ^KSh^Jl/ 
g#lla-l, 1 1 a - 2©-##<£igt/iR,. ffefr 

At. pjd k a*6*««w ^astfe/i i aaBttfiSf b 
@«K©fiS<b*m^«:W©«SSt , ©fiint , *'3, Sffi 
KR , , (i^ettP i ^Jatt@«fK©sat{b*5Ec » KCTff 
©t^.®r©ffiCi:-r*4. 

30 [0-030] £©h 1 la- 1. 11 a- 2 

t^a-C#4. EC^jE^(fi]©h>^^®jS£<i:«. 

1 1 a - 1 0 1 ©MttB*>60 1 © h 
;H6«WB4/r L> r 0 1 ©fiBfflHbB»^i£ft . h > * 
>im-£l 1 a-2-Cli. 02SSttH*>?i02©h>*;U 
«5»K*^rL-r02©5BttfiifbH*IB'NSsftS*i3B-C* 
*51>B, 01©»tt^Kb@«S*>?.01©h>* 

;H6*«s*/i-l-c0 i mma^. 02©?si4?a<b 

iftft£«iifc-ciJ:^. 

[0 0 3 1 3 C©2Sh>*il'«^3R J f 1 1 a«» 01 

<Dm&mt<mmm& t?>ii3^. 02 ©®iattJi 

<b@#M*ift; h&u 2^ffi^Sft-c^ji©*>^r> 
7 - i 7«:SiKsft.2>©-c. m^M^^iom^mtc 
ttcjzK) nmm:$> *> ^ «s#fiE^©MS6^ai*i^it6«: 

[0032] IB1tffi«iai©h9>yx$ 1 4a©V- 

50 -rzmimwa. mmsMmm, mzimm<D±-c. * 
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[00 3 3] tTf h»12. 1 3CC«2Sh>*.iHg£ 

^, mia:. 0 i©2*h>*.>ng£^- : fi i b*i^ 

1 1 utmcBttmmmztiz. s/c. -e©2Sh 

>*JH8£3^?-1 1 bCDIB^i-fe^h^^y^^ 1 4 
bi©«iKt2»h>^^«^^ i ia©-e-ft£nn§ 

[0 0 34] ROtf? bWil 2. 13tC«M$tl5h> 

iai©tf s. hsii 2. i scDf^s^rfijKru^t^tciB 

'J-fe^CDH2;l/h-5>y^5' 1 4 a, 1 4 b «. V-X • 

5CDV-X • FU 

*fj£-r&'7- Fttl 6 a, 16bKg^3i\5. CO 

[ 0 0 3 5 ] m 1 ©H*fcJF*Sg"T?«. 1 h-7>^X*£2 
ft< ft* t-; h ^ X©i!®/Nt;*:# < ^F-^-c 

^iti«C<S^-C# . ^©^^©MRAMGCtb^l Oflg 

2 <D%m&m*Gt*.r i*z>ic#>&fflHfi']>2 < . y 
-ess. 

(02©*5fe©J&!&) ^2©*fflJfJS§-C«. lfn©HS6 
<t. jemtt$8<Dg*ji*/^*ffll/K:o^-CS2 0»fffi 

H^ffli^rsyji-rs. ft. 02©^. Eliisi— offi 

[0036] *m&J&m<D 2fi h V^UJg^^H 1 1 1 

w. m i <D%m\m<mmm2 1 © h >*;ns*» 

12 2/il fifcttll 2 3 /#J8ttiSH)l 2 4/f2ltt 
Jl 2 5 /S& 2 © h >*)WWm2 6 /f& 2 ©S£fiB146B{b 

@*^2 7 am-xmmm^ti, m 1 fiatfen 2 3 /im 
wsmm 2 4 /is 2 Ktt® oMimrn 2 8 c 
<d3h=- 1 1 ». m 1 <D%mm&<mm&2 1 1 © k 

>*)mm&2 2/lfU8BttJ12 3CC<fc- 3 -CSfU©h> 
*)im&itfi. ^2fiBfflg2 5/IB2©h>*.>U*fc*S&2 
6/Sg2©&®ttfiB<b@#M2 7tC<fc-3TSir2©h>* 

jH8£#fiJj£3Jrcc>s. ie^.K2 8«3Ji«js-c*4 
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M04. 06SO'07cp©^^5f->y (&4if§0 Ztilstc 

mm\mmtmm-cibz>. 

[0037] iatai2 8 1 Ru^sattia 

2 3. 2 5tem>KS&&teimc&^il^UTt,>s. o 

**K ^lR^2JS14@2 3 t 2 5©SB{btt5t,>«Ci£ 

&£tt. HI 1 SC«B 2 SBttB 2 3.25 DB'>4Vl>#8Btt 
10 3im)g2 4*}fA-rSC<b{CJ:f5J^-C$6. 

1 0 0 3 8 ] m 1 j&vm2mB.&mK.£&m-&*&-?& 
w&mwa 2 4 ©isrott&fc]© &©*» ^stRwtfe-c* £ 

Cu. Ru. Cr.Re. I r &Ctl h<D—o* 5 
0 a t om%«±£tfi^fc££flIl,>£t:<!:#g*U 
C>„ Ru, Re. I r ttJ^®tt£&i£^#3£ 

<. o*^»^)Ss-cs^jatt^ts^*sf#?>ns©r 

[0 0 3 9] ffium^llUCi&fiBrtbKStefcClT 
fctotcte. S^iKttite^O/c2^©fi5tt@«S(,He:^t 
20 ©fiI#tfl&-£C£#S£tA\ > ^©/c»(c, ^lSl^S 
2BB14Ji©IgJS##l&-&a\ *SOt3:M&&tt*4©E£1*fe 

[ o o 4 o ] m i soi2 <Dmmm.immm2 1 . 2 
7©^t«s2«:jn^-«t i 5«: > mxcmcjjfaimmz 

3. 2 5©fi^t* i H2© "1" <Dimfrh "0" ©«^ 

-SKf scit, c©^*'j-fe ;i-©ieitt»$B©^H* s 

[004 1 ]@2O"l" ©1*JB«. ® 1 ©?Sfiai4JSa 

30 mmm2 1 1 »i4g2 3<Dmit<D[^t^m^icm.w- 

ft-V&Z&hmi h>*^S^*^«laR.P. ^2^14 

112 5 tm2&mmMtmmm2 Komtoimstmi,* 

K¥tfT*i*?>I2 0 h >*;U^W<5S!aR, t tl 
■5. C^tC*tL. 02© "0" ©tfcSStt. mi©^»M 
Wbil^B2 1 1 W&M2 3©lfi{b©^ff^S^«: 

W7T&zfrhmi<Dh>*)\'m-&itim,tKR,> %2 
w&m2 5 t'%2m&!fm.\mmWk2 7©m^b©i6]*^ 
s^tcs ;s i^f-c&S3!pe>^2 b>*)\>%g;<Dmijuxmm. 

!nR.,i-C*€>. 
40 [0042]^K. C©J:^ %fBtSt»«©S^ii*^Ttt 

FiS (WL) 2 9. 3 0«:(t#mflS5:d£-rSC<t-Ctf 
^„ WL2 9B, 02©Scffi©fc&£ft«:g<{*t>\ W 
L 3 0 ««6M©Sii:^(SJ«:S< <*UfTl^. C©Wg{C 

{i-^^ffi^ffi-r c i -e-e©35!*t?© 2ih >*jmr£jr 

^1 l©*«:tf«^IBtg3ni. 02«c^-TJ:^tc > IB 
tgJi2 8«H2Jl'h7>^X^l 4©V-X • KU-T>3 
l©-*«C^mtt#^e^S3>f f htt (EiS) * 
rt-OTfiSttStt. -fe>»Uh7>^X5» 1 4©ffe^©V-X 
50 • KU-f>3 1 1 ©'fX h7>^$ 1 5Kjgi&;* 
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ft. sei£)K28iy-^ • Fl/-f>3 1©-MiMt 
#mF&6C>W:|tCC<agU h!8l F*g2 
[0043] &«C. ^*'J H2;KDlB1f.tt$a«:^ffl-r^ 

©y-h 3 2^*>««s«:-r.5ci«:«fc^-t:, 2ih> 

f*^^S6:Sfc»mEKT*tf^ (BL) 12. 13 
£Hd30T|g|l©-tz.il'T>:7'l 4fC*il,>T^SMfcfcb-r 
ff-stmiBiJbiS© " 1" . "0" 5C*tlSL-CAV 
(= ( Ra p — Rp ) Id) *fc«-AV<tft*K TMR© 

©fcJsb^K^:t%S/Ni:b*n#6n.5o ft. E!2©1 
0Wi"j3>^©*«#S«4*L. 3 1 ttV-^ • F 

[0044] s/c. a i«:^-rascj:agLfc2Sh>^ 
tc fmm&i&'&i>tc2'3<DM&m2 3. 2 stems.®. 

[0 0 4 5] S^CCSfc. Sgi©^JF2&<ilsMiK:. # 

[0 0 4 6] ^WL®§[ ; &^*<-rS/cJf>{C«^lS. 
CP* 2 3£SBffiHtH»Jg*>SH 1 ROTH 2 83!l<fcJi©16&14tf 30 

sEot. mi4®2 3. 2 5. $mimimmm2 

1. 2 7&*Co, Fe. CoFe, CoNi. CoFe 
N i . F e N i ^!&i'©»tt». teitfN i Mn S 
b . Co,MnGeft £©^-7 jt * JPfc > S C 

i;*i-c#S. a-7j( *;i/tt— #©*fcr>;0 Flex* 
;U=F-*> » 7#?¥&-rS©-C;* t>#ffi*a*** < . 

c n^ra t,>*> <t j: •) * t nwmtm&*n z> c <t an? 

[0047] 3S?Btt8B{tE»K2 1.27 <DMit 40 

figT**. mtf. !2lS^2 8©®ttJI2 3. 2 5©« 

£3£iai<feja{t@S&2 1 . 2 7(Cf80-2>3MS. £/c. 5 
9ftjat4M ; &®attIS'fta^K2 l . 2 7CtJgMI2g3-t± 

rsfiBEtt®wb@»M©!a{b*B«-r*#i8. KS&KttJS 

(c§ATS!MfiaittR*«fi41BS3-«i-C-e©ii?S?ai?(cj: 
o-C5S»ttl»{kH#)Si2 1 , 2 7©fiB<t£@ST*#K: 
^#*>*. 3££tS£{Cfflt>*J5Sfc»tt&ttfcriLTttF 50 
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eMn. 1 rMn, P t Mn&£. ifOXbV^J^ 
GM R-Cffl l> 6 tlX ^ S fc ©^ffl-T -5 C £ tf-c £ 
[0048] H>*;Hfelilg22. 2 6iL-TB 
A l,Oj, Ta.O,, K<b>'J=i>, MgOfti'i/?© 

[ 0 0 4 9 ] 3 6(C. feLhattW LfcJ: -5 UimSfi+mm 
IKB^mgx (MB E ) a. 

^^^©WM^^g^ffl^-r^SSfr £ C 

[0050] (W 3 ©Hife©Jf5J|g) Sit 3 (DXMBgfiTC 
tt. ^lR^2©*ii^SIK:*50T^Ufcll884« 

fiK-r s * * «; ^s©ffi©itift <t . ^©fiBmtpm©*^ ^ 
*^*tn o«co^t:s3 ommm&t bk<dk^;h« 

fflt,>-CSiH^-rS„ 03©^^. iaiR^0 2<!:l5I-©« 
ji«cot>T«P-©f?-!f£ttD. -€-©i^ili^lSiBH««BS 

[0 05 1] C©»IT(J, t->hi^l2. 13© 
— @3tBK^ hiSl 3<t-fe>^T>7'l 7*. F 
7>y^*3 3*/M,rg^U/c|5|88-C**. cntcj: 
oT02Ttt2$fc-ofc7-FI2 9, 3 0©-**f 

Bg-c^-s. rttio^. mnmz&&mcizvv usu 2 

£'7-FiS3 4 4cmjS ; &^L. PB#(ch^>^^3 3 

u/cmsg« (->*;u^5r^ti-r*s^ffl^^*© 
^©ssii^m/c-r. 

[0 0 5 2 ] ft. ^aLBSFCCtih-?^*^ 3 4* 

© h >^^S^-«:«si»«:il«r(6]© h >*;u^?:Sa-r 

c £*s-c#ijai©iisti*im*snr*e-c*s. 

[005 3] C©J:^tc, h-5>i?*£3 3©J*A(CJ: 

o^-F^i^ns-rsci^-c*. ie«8B©^*j^ 

[0054] (^4©^6S©^JI§) ^4©H^5SS-C 

* y ^s©ffe©«jg<b . *<Dm.nmmo>m*&&mz> 

a b iC-O^xm 4 ©Kfffi^jt i @!f&©^S ; Srfflt.^TStt 
BJ-TS. ft. E4©tfi©017!iSS3 ilnl— «Ko 

t,>r«p)-©??#«rWL.. zvmmtmwizim-rz. 

[0 05 5] IS4©*Sfe0S|-CB. @4{CmTJ:^«C. 
F7>y^^l4©V-^' FW>3 1©— ^tteif. 
^2 8<t©gfiK4f f hmi 2 £fiS14m@3 5<t?:/|-U 

-ctfs. cn«. 02«:^-rm2©h>*^i^K2 6 
Rz?m2<D%mmmitmmm2 7k^*rw. -e©^tc 

jpfe^«54«is{)iityC<fc«:J;i3fPfiS-r*. */c. &8B14m 
g3 5«:#^T^att«m)l?:ffl^-Cfc«i:< . C©H^ 
(Ctt. 3£fiBffl8tft@«lg2 7©fiSI8i«SiJ«:^iatt^ 
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[0 05 6 ] !34K^T£5ft«J£teJ;9, S&fitf*8<D 
g^ii^WFOCtttr? FifSl 2<fc9-Fif§3 4fc:^£Sg 

^ f hSU 2£y~Fi£3 4£«Sft&2 0<Dm?£CD 
^fSSS^CC £ *3 f fit£® 2 8 -(D^«$RCZ)#^iX^^ nj 

[0 0 57 ]*/c, IStStSffiCD^ttiUtCti, 04<DF 
^>^**3 3£*>tfc^l/Ttf * Fm 2, 1 3 
mS£#Wi£<J:5K:OT*5£, F^>^*£14£*> 10 
WSgteTSCiT, 2*F>*n^l l^ii1IT£C 

<Dfi§i& • lUSg^^ot^lttMt/c^, Jfl5CD^i£^!S 

ft, i50^, 017}MS4£p]— (D^^C«!U— CD 
m^ZttL. -€-<Di**i^BJ«^BS-r^o 20 

[0 0 5 8 ] @5«@ 1 IrCtoVZ-tefr 1 4 

a, 14b**-f*-F5 la. 5 1 bTg£&;i/cia 
^©WSUilBT?**. (IU y-f*- F«H2;WBJR«tB 
3&i«ci»©r^*pJ86«:-j-sa:^ccig5rtte!y F*£ 

(BL) 12, 1 3©-4BCCjKRF^>^xy5 5. 5 
6*«WTlr>*. CCD3IWF5>>>;*£5 5. 5 6tt§ 

h*tcHHHwn«fi<, s^y^wc-fe^F^ 

[0 0 5 9 ] CCD@BCc*56*aR*fflO»f^». -te^ F 30 
^>^X£ i 4 #2^:*- F5 1 ecttto*«W*Bl K 

[0 0 60] «*ii*ttft«. 05K^urt>ft 
C»BBMRt»*»«ii*flB^- FiiBL 1 2, 1 3<Dl>*T 

n^cc^^aELrtT^ci^r^^o bl i 2. 13 

CCifcOfcWfttt F5 1 £flH>*C<tr F>*^ 

i i Cessna c <t & < »»«^cco*s#*r 

5 %B 1 n^M 5 iP— CD«JSCCOCi-C«, PJ— OW-^- 

[006 1 ] @6C0^r«y>f F5 1 »2SF>* 
JUS^SR* 1 1 <DEttK2 8CD±SB(C0fiE3nrc^. 
2W*-F5 lttpn»Wt-F, *JBi*»(*t 
08»*«fflT8^9 v F*-y-f*-F\ -£<Dft!j<Dja 50 
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Ji<Djg£K:*Ji>T IB*l6iWEOBJttWc J: 0 *tte&*8Mv 
iStfrftSEOEPttltC <fc oTSSfcaWift^^&feo. 
H6 -CttlStefflWL 3 4 <t±SBB L 1 2 br 

&* * - F 5 1 tfiU&f&fc&KL 2S F >*JH8^ 

[0 06 2] Ettm«©B*tfiUilS6®y-<*- F 5 
1 <t2o(DBL 1 2, 1.3*ttRT«C&riHHftttl4~ 

(*7®JEft0SS) S7©HJfiB«8"C«, f&SCDHSfc 

7 0 5^0 lftSE6 <D«0E«:oi,>-Ctt. [s] — CD 

[0 06 3 ] H7(Ctt2iF>*^8^*fl 1 <DT§I3 
F5 l*JBJSEL3rcKffi«Jl*^. CCDtgjg 
Ttt, Tt^hSl 3#H7<D«ffiSa#fiJ«:fi<f# 
t>\ ±Ttf* F«l 2, 1 3CC*j»*«l/T^JSR«»«: 
«*3-&SC42:rEttBI2 8^©»*ii**W5. CCD 
<fc**«:9 y-f*- F5 l#**fca&*c2*F>:M>JS 
*«^1 1 0Ctt«*s**ift^. «*mUtt*-/*-F 
«:««f4H7t1l(IlI*fl«:#»*WL 5 3, £fc 
BL12. 1 3 4MWT*C±TfT5C&**T»*. 

[ 0 0 6 4 ] fll 5 7bM* 7 <D90tJB8?l»S Uc^t 

-F5i*»>n«, ^cDSiH^iiisi-r^ci^cfcoT 

.£l>9**ftMjA£t>*:6'4'. «L C<D<fc 5ft/>VT* 
[0 06 5]«JdttWbfc*2 71£»4 % »6, J&7<D 

F>*^*T-«:t>affl^rtfi-c*a. ^rofe»» 

JBfiS3n*f4««ft< . **9iOjBif*JWtt0ftC*fiH 

[0 06 6] */c, IB=<D*?8K:43C»ra^fe<fc 5 cc % 
2oflDl*F>*^«^*ffl^r, F>*il/ 

* % mi F>*il«^*»ti*«ilE4*2 F>*iM»^ 

[0 06 7 ] fHoRs^^'Jttm ^* y 
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[0 06 8] m=(oftW(DWMjt* y^sfc^rrstit 
igib-cts. #&ttaimjfK:ig*&-r*i& i F>*;Hg^ 

F>*;Mg£*ffittW.8©^81^£#&< ft 

[0069] *©ffe. ^^BWia^fcii^rlKl/ 
[0 07 0] 

mm Lxmm&zmm? zctv-ez. &ftfc s /n 
[0ffi©fg#&i#nn 

[si] i ©**fe^si%i»w-rs/c«)©iHi 
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: [02] *»BJ©^(2©*iSBSI«:ltt^-r-5/c»©Bi 
®$j£&O*-gpial8g©Bg5S;0. 

[0 3 ] *^?a©m3 (ommm^mn^om 

ffi«i»SO'-SPI188©^S. 
[04] *^HjcDm4©HiS^SI«:itt^-r2./cto©»r 

[05] #isHj§©sfr 5 wg&am&mi-t ztctixom 



10 



20 



[06] 2f3SB;i©fjf 6 ©IUS^Sg«rUiB^-r 3/c«>©»r 

ffi^i&Raf-gmHiss©^^. 

[07] *#6Bj©^7©JliS0SI*lttBj-r5/c«?)©»f 
ffi«JiSt>*-SP[1188©DSS0. 

[08] ^^©^©la^u * iig©iHiss0. 

la, lb, 1 1 a- 1, 11 a-2, 1 1 b- 1, 1 
1 b-2 - 

2, 12. 1 3-fcf? FSl 

3. i 6 a, i 6b -t)vmwmy-vm 

4a, 4b. 14a, 1 4 b --te;H- •7>y^5f 

5, 15-^h7>^$ 

6. 17-t>XT>7' 
7 JWHe», Fill 
8- -yu- Fg! 

1 o -mm#m<Dm®. 

2 9. 3 0. 3 4 7- Ftt 

3 1 -V-X • FU-f 

3 2- -y- hms 

3 3. 5 5. 5 6 • ^4 v * hv>>isX$ 
5 1, 5 1a. 5 1 b-ifJ*- F 
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A (#^) 5E049 AA01 AA04 M07 AA09 AMO 
ACOO BA06 DB14 DB20 
5F083 FZIO GA05 GA09 GA12 GA30 
m06 MM9 PR22 



